INTRODUCTION
============

Obesity is a chronic inflammatory disease that may be related to different comorbidities such as diabetes mellitus type 2, arterial hypertension, dyslipidemia, atherosclerosis, arthritis, obstructive sleep apnea syndrome, gastroesophageal reflux, and endocrine disorders, among others[@B7].

Obesity surgery is the most effective way to lose weight in the long term, since it promotes reduction in the volume of the stomach and consequently, reduced the ingestion of food[@B3]. Bariatric surgery has been related to improvement in the systemic conditions and to aggravation of oral conditions, specifically to the increase in gingivitis[@B22] and periodontitis[@B19] tooth wear[@B17] and dental caries[@B15]. This occurs due to the changes in metabolic patterns as a result of the changes in dietary and oral hygiene habits.

Among the oral problems that affect obese individuals submitted to bariatric surgery, tooth wear appears to suffer impact after surgical treatment, since an increase in gastroesophageal reflux may occur after the surgery[@B1]. According to Litonjua et al.[@B9], tooth wear is a multifactorial condition caused by the interaction among chemical, biological and behavioral factors, and results in dental hard tissue loss without the involvement of a carious process, due to the processes of erosion, attrition, abrasion and abfraction. Tooth wear by erosion is the loss of dental structure due to the presence of acids, which may be of intrinsic origin, such as gastroesophageal reflux, or extrinsic origin such as those related to diet, medication, lifestyle and environmental factors[@B5] ^,^ [@B10]. Dental erosion generally occurs in conjunction with abrasive processes, increasing the severity of tooth wear[@B23].

Obese individuals with or without comorbidities are more exposed to the prevalence of tooth wear which, in its progression, leads to dentin hypersensitivity. Surgical treatment of obesity appears to be related to the prior clinical condition of the patient; however, some studies have shown that after bariatric surgery, patients may present with gastroesophageal reflux[@B6] ^,^ [@B13]. In view of the foregoing, it is relevant to understand how tooth wear progresses in the presence of gastroesophageal reflux in the individual submitted to bariatric surgery, because information about this topic continues to be inconclusive in the literature[@B20].

Considering that patients submitted to bariatric surgery present a high rate of gastroesophageal reflux and that this may be associated with tooth wear, the aim of this study was to evaluate the occurrence of tooth wear after bariatric surgery by means of a systematic review of the literature.

METHODS
=======

This study followed the rules proposed by PRISMA[@B8]. For this systematic review of the literature, PICO (Population, Intervention, Comparison and Results) was adopted to answer the following question: "What impact does bariatric surgery have on gastroesophageal reflux and tooth wear in patients who were submitted to bariatric surgery?".

For population, studies of patients who were submitted to bariatric surgery were included, without restriction on the surgical technique used.

Eligibility of articles
-----------------------

The inclusion criteria for this systematic review were: cross-sectional and longitudinal clinical studies. The exclusion criteria for the systematic review were: reviews of the literature and case studies. No restriction was adopted as regards language or year of publication. All the articles found were published from 2006 to 2014.

Search strategy
---------------

The research was conducted between August and November 2018, by two different reviewers (AVSSC, GAFJ) in the following databases: PubMed, Medline, Lilacs, Scielo and Cochrane.

The search strategy used corresponded to the following descriptors: "bariatric surgery" AND "dental erosion" OR "bariatric surgery" AND "dental erosion" AND "gastroesophageal reflux disease".

Tracing methods
---------------

The electronic search recovered 30 abstracts and titles ([Figure 1](#f1){ref-type="fig"}). After removing the duplicated references, a total of eight abstracts and titles were read and analyzed by two independent, calibrated reviewers

FIGURE 1PRISMA flow diagram of four stages for collection of the study data, showing the number of studies identified, selected, eligible and included in the systematic review.

Two reviewers conducted the primary research by titles and abstracts. The same researchers evaluated the full manuscript, observing whether or not they met the inclusion/exclusion criteria, or those that had insufficient data in the title and abstract. Any disagreement was resolved by discussion between the reviewers. Disagreements were resolved by consensus between the reviewers, and also by a 3^rd^ reviewer, who was the supervisor responsible for the present research (SHCSP). When the results of a study were published more than once, or presented in various publications by one and the same author, they were included in the review once only.

The primary authors of the respective studies were contacted to request additional data in the event that there were relevant data that were absent or unavailable.

Types of results
----------------

The following data of the respective articles were extracted and duly tabulated: authors, year of publication, country where the study was conducted, study design, place where the exam was conducted, sample size, participants' age, measures of tooth wear index, statistical analysis used for tooth wear, and results with reference to tooth wear observed.

RESULTS
=======

A flow diagram that describes the search strategy and process for selection of the articles at each stage of this systematic review is provided in [Figure 1](#f1){ref-type="fig"}. Thirty articles were identified in the electronic search. Twenty-two of the articles were discarded after analysis of the titles and abstracts, resulting in eight studies that were submitted to full text analysis. After evaluating the 8 complete texts, the literature review article and case studies were excluded. At the end, four articles remained, on which this review was based ([Table 1](#t1){ref-type="table"}).

TABLE 1Cross-sectional and longitudinal studies included in this systematic reviewAuthor (Year)CountryStudy designLocal of studySample sizeAgeDental wear measurementStatistical analysisResultsMoura-Grec (2014)BrazilLongitudinal (Cohort)HospitalGE:59 GC:51GE:38.41±10.98 GC:41.68±10.84Dental Wear Index (DWI)t-TestDWI (enamel):\
BBS\*\
Mean: 19.80 ± 9.23\
ABS\*\
17.01 ± 8.65\
DWI (dentin):\
BBS\*\
9.89 ± 9.18\
ABS\*\
15.68 ± 10.76\
Eutrophic Group\
Enamel 16.7 %\
Dentin 11.9%\
BBS\*\
Enamel 19.84%\
Dentin 10.59%\
ABS\* (6 months)\
Enamel 16.19%\
Dentin 16.67%\
ABS\* (12 months)\
Enamel 16.36%\
Dentin 17.53%Marsicano\
(2011)BrazilLongitudinalHospital54 patientsGE and GC:40.5±9.7Dental Wear Index (DWI)ANOVADWI (enamel):\
BBS\* N=8 (14.8%)\
ABS\* (3 months) N=3 (12.5%)\
ABS\* (6 months) N=0 (0%)\
DWI (dentin):\
BBS\* N=46 (85.2%)\
ABS\* (3 months) N=21 (87.5%)\
ABS\* (6 months) N=14 (100%)\
25.4±9.3 pre-operative\
27.4 ±12.7 (3 months)\
32.7 ±10.2 (6 months)Marsicano\
(2012)BrazilCross-sectionalHospitalGE 52\
GC 50GE: 39.6 ± 9.6 GC: 35.55 ±10.2Dental Wear Index (DWI)t-TestDWI (enamel):\
Control Group\
N=12 (24%)\
Bariatric Group\
N=11 (21.15%)\
**DWI (dentin):**\
Control Group\
N=38 (76%)\
Bariatric Group\
N=40 (76.93%)Heling (2006)JerusalemCross-sectionalHospital11340 ± 10.24Self-reported dental hypersensitivityChi-square Test37% reported greater dentin hypersensitivity after surgery[^2]

All the studies included were published between 2006 and 2014. [Table 1](#t1){ref-type="table"} summarizes the characteristics of each of the four studies included, highlighting the main result of each article relative to tooth wear. A total of 379 patients were analyzed in this systematic review. The majority of them were women. The mean of age was 40.5±9.7 years.

DISCUSSION
==========

The evidences found in this systematic review indicated that bariatric surgery could improve the systemic condition of the patients; however, there was a negative impact on oral health, particularly with reference to increase in the occurrence of tooth wear.

Association between tooth wear and bariatric surgery was investigated in four studies[@B4] ^,^ [@B11] ^,^ [@B12] ^,^ [@B16]. Among them, three articles analyzed tooth wear according to the Dental Wear Index (DWI)[@B11] ^,^ [@B12] ^,^ [@B16]. On the other hand, the fourth article used a standardized self-reported questionnaire with regard to the presence of tooth wear in patients, according to dentin hypersensitivity[@B4]. The DWI is a standardized index, well established in the literature, which guaranteed high reliability of the data obtained in epidemiological researches[@B2] ^,^ [@B21].

The studies demonstrated that the majority of patients who underwent bariatric surgery presented frequent vomiting, characterized by the presence of gastroesophageal reflux. Important to emphasize is that the vomiting generated high levels of acid in the mouth and that other gastric disturbances were important risk factors for the occurrence of tooth wear[@B10] ^,^ [@B11] ^,^ [@B24].

In the longitudinal study of Moura Grec et al.[@B16], 30% of the tooth surfaces presented tooth wear before the bariatric surgery, of which 20% were restricted to enamel and 10% in dentin. Six months after bariatric surgery, there was a 6% increase in wear in dentin. In this aforementioned study, the authors pointed out the increase in anxiety as one of the factors that contributed to the increase in severity of tooth wear after bariatric surgery.

In 2011, in a longitudinal study Marsicano et al.[@B11] emphasized that all the patients evaluated before the surgical intervention presented a high level of tooth wear, with 14.8% of the patients presenting tooth wear restricted to enamel, and 85.2% in dentin. Three months after bariatric surgery, 12.5% and 87.5% of the patients presented wear in enamel and dentin, respectively. And six months after bariatric surgery, 100% of the patients presented tooth wear involving dentin.

In view of the findings presented, the need for dental attention in both the pre- and post-surgery periods was observed, considering the increase in severity of non-carious lesions.

In a cross-sectional study Marsicano et al.[@B12] showed that only one patient evaluated after bariatric surgery presented no clinical sign of tooth wear. On the other hand, 21.15% of the patients presented wear in enamel, and 76.93%, in dentin. The increase in prevalence and severity of this condition occurred due to the episodes of chronic vomiting and changed dietary pattern after bariatric surgery, because the patients began to ingest foods more frequently, although in smaller quantities.

Heling et al.[@B4] verified the presence of tooth wear after bariatric surgery, by means of a questionnaire related to the presence of dentin sensitivity. The limitation of this study was that no standardized index was used to qualify or quantify tooth wear itself. The authors pointed out that 37% of the patients presented a higher level of dentin sensitivity after bariatric surgery. This fact, which could be related to the possible occurrence of lesions in dentin, was stated according to the patient's perception.

Another point to consider refers to the type of surgery used in the treatment of obesity. In three studies[@B11] ^,^ [@B12] ^,^ [@B16], the type was the Roux-en-Y gastric bypass, bariatric surgery with both restrictive and malabsorptive features. After operation, patients may present with frequent episodes of vomiting, which is a risk commonly associated with this type of surgery. These frequent episodes of vomiting may contribute to the increase in prevalence and severity of tooth wear, resulting from acid challenge associated with the effects of mechanical abrasion.

Others studies that have been conducted in different contexts and were not included in this review, have shown similar findings related to the possible association between tooth wear, gastroesophageal reflux and bariatric surgery. It is important to highlight that only the longitudinal and cross-sectional studies were included in this systematic review. Nevertheless, it must be considered that the cohort studies included in this review provided greater force of association for confirming this scientific evidence[@B14] ^,^ [@B18].

The consistency related to possible causal association between tooth wear and bariatric surgery was strong. There were four studies analyzing this question, and all of them demonstrated this association. Future studies must be conducted to enable these evidences to be more clearly elucidated.

As limitations of the present systematic review, the low number of studies on the topic may be cited, since the longitudinal studies had short periods of follow-up, and there were no randomized clinical trials. Studies with follow-up periods longer than two years would improve the scientific evidence with regard to cause-effect of the studied outcomes. Therefore, the findings of this study must be extrapolated with caution. Moreover, half of the studies included in this review had a cross-sectional design, making it impossible the causal and temporal inferences about the association between tooth wear, gastroesophageal reflux and bariatric surgery. However, the force of association for inferring causality was based on the longitudinal studies included. Another question to be suggested refers to the association between the three outcomes presented in the cohort studies that used convenience samples, pointing out a gap in the literature. As a strong point, the authors emphasize that the systematic review elucidated the relations between the three outcomes analyzed, pointing out the importance to both clinical dentists and public health policy formulators, when considering the oral, systemic and surgical conditions of the individual in health management.

CONCLUSION
==========

The results of this systematic review showed association between tooth wear, gastroesophageal reflux and bariatric surgery. However, longitudinal studies of long duration must be conducted to test the causal and temporal relations between the three outcomes analyzed.
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